A monoclonal antibody, Py, was produced by immunizing mice with a glycoprotein fraction isolated from 3-week-old rat hippocampus.
Py antibodies gave strong immunocytochemical staining of the perikarya and dendrites of large neurons in many areas of the rat brain, including the cerebral cortex, hippocampus, cerebellum, brain stem, and olfactory bulb. lmmunoelectron microscopy showed the antigen to be predominantly intracellular, although its presence on the neuronal cell surface was not excluded.
The antibody gave differential staining of adult hippocampal neurons, large pyramids of field CA3 being strongly immunoreactive, while CA1 pyramids and the dentate granule cells were unstained. Some interneurons were positive in each of the hippocampal fields. In developing hippocampus, the Py antigen appeared by the middle of the first postnatal week, and the adult pattern of staining was achieved by the end of the second week. lmmunoblotting showed the antigen to have a relative mobility of 146 kDa with an additional faint band at 166 kDa. Differential Py staining of neurons was seen in dissociated cultures of embryonic hippocampus and in subdissected hippocampal fragments transplanted into adult host brains. This antibody can therefore be used for identification of hippocampal neurons that have been removed from their normal anatomical context.
We have initiated a program of production of monoclonal antibodies to hippocampal glycoproteins with the aim of generating specific markers for neurons of this brain area, a region whose anatomy is relatively simple and well understood and which is particularly well suited to experimental manipulation and analysis (e.g., Zhou et al., 1985 ; C.-F. Zhou, R. J. Morris, and G. Raisman, unpublished observations) . The antibodies will be used in studies of neural transplants and cultures of hippocampus. A number of previous reports describe antibodies that label different classes of hippocampal neurons but with varying degrees of specificity. Miller and Benzer (1983) showed that antibodies 2F12 and 3F12, raised against Drosophila immunogen, distinguished between dentate granule and pyramidal neurons in sections of human hippocampus. Antibody 6A2 from the same laboratory appeared to be selective for occasional stel-late cells, while 44.1 had a broader specificity (Hinton et al., 1988) . Antibodies G6E3 of Moskal and Schaffner (1986) , lF4 of Sajovic et al. (1986) and Cat-301 of Hendry et al. (1988) recognize both pyramids and other cell types. VCl. 1 and VU. 1 (Arimatsu et al., 1987) likewise appear to have a broad pattern of hippocampal staining, although with fewer positive pyramids in field CA 1 than in other hippocampal fields. Our present strategy for generating antibodies is one that has proved to be successful in the past (Webb and Woodhams, 1984a, b) , and involves preparing immunogen from a glycoprotein fraction isolated by affinity chromatography on a plant lectin column and depleting it of the highly immunogenic protein Thy-1. The antibody described here (Py) selectively stains neurons in hippocampus and other brain regions, and its application to cell identification in neural grafts and in culture is reported.
Materials and Methods
Animals and surgical procedures. Rats were of the inbred PVG strain. Adult animals were 200-250 gm females. Embryonic (E) age was dated from the presence of a vaginal plug (EO). For grafting experiments, hippocampi were dissected from about 10 El 8 fetuses and cut transversely into 1 mm slices. Each slice was subdissected with fine tungsten needles into fields CA 1, CA3, dentate gyrus anlage, and a "transitional" zone made up of a portion of the dentate anlage and some pyramidal cells of fields CA4 and CA3. Details of this procedure will be published elsewhere (Field et al., unpublished observations) . Ten pooled fragments of each type were suspended in a plasma clot (Lindsay et al., 1987) and transplanted unilaterally through a 0.8-mm-diameter glass cannula into the hippocampus of adult rat recipients at coordinates 3.0 mm posterior to the bregma, 4.5 mm lateral, and 9.0 mm deep (de Groot, 1967) . After a survival time of 12 weeks, brains containing grafts were prepared for light microscopy as described below. Serial polyester wax sections were cut through the entire length of each graft to assess the cell types present, and selected areas were stained with monoclonal antibody Py. Production of monoclonal antibody Py. Glycoprotein fractions were prepared from P2 1 rat or P28 calf hippocampus by affinity chromatography on lentil lectin-or wheat germ agglutinin-Sepharose. All extraction and chromatography steps were carried out at 4°C. Phenylmethylsulphonyl fluoride (PMSF), 2 mM, and EDTA, 2 mM, were present in all buffers to inhibit proteases. Hippocampi (not membrane fractions) were homogenized in 10 x their volume of 2% (wt/vol) deoxycholate buffer according to the method of Webb and Woodhams (1984a) except that initial extraction was for 30-60 min and that the samples were then sonicated (MSE Soniprep 150, 3 cycles of 10 set of 50% power and 10 set wait) prior to clarification by centrifugation. The deoxycholate extract was chromatographed on a 1ectinSepharose column using methods similar to those previously described Webb and Woodhams, 1984a) and the eluate subsequently depleted of the highly immunogenic protein Thy-1 using a mouse-anti-Thy-1 column (8 mg MRC OX7 antibodv/ml Senharose) bv the method of Letartei&irhead et al. (1975) (except for omission of the precolumn and some alterations in chromatographic parameters). Three volumes of absolute ethanol were added to pooled nonbinding fractions and the mixture stored at -20°C for 24-48 hr before precipitated protein was separated by centrifugation. The pellet was taken up in water and its concentration determined bv the method of Hartree (1972) . Antibodv Pv was derived from an animal immunized with rat lentil lectin-binding proteins (50 wg doses). However, the 4 combinations of lectin and tissue source generated similar immune responses. Individual female Balb/c mice (6-8 weeks old) were immunized subcutaneously with 50 pg or 150 pg aliquots of glycoprotein. The first 2 immunizations (complete Freund's adjuvant) were at an interval of 1 week. Subsequent immunizations (incomplete Freund's adjuvant, 7-10 in number) were given at intervals of 2-3 weeks. Serum from these animals was tested by the ELISA described below. The titer for the Py animal was 1:3000. Animals were boosted 3 d prior to fusion by intravenous injection of the appropriate dose of immunogen in PBS.
Production of hybridomas and cloning was carried out by the method of Webb and Woodhams (1984a) . extent that NSO mveloma cells were used instead of P3X63Ag8. Cell fusion-was achieved by treatment with 50% polyethylene glycolfor 2 min at 37°C. Primary screening was carried out bv ELISA as follows. Hinoocampi were dissected from P21 __ _ rats and homogenized in 10 vol ice-cold, calcium-and magnesium-free PBS. This preparation was diluted 1:50 in 0.1 M NaHCO,, pH 9.0, and added to flexible microtiter plates (100 @well). The plates were left overnight at 4°C and then incubated at room temperature for 60 min in PBS containing 3% BSA. Then 100 ~1 of test supernatant was applied per well. After 60 min at 4°C the wells were washed (5 x , PBS) and 50 ~1 peroxidase-coupled sheep-anti-mouse IgG F(ab)', fragment (Amersham International, 1:500) was added per well. After 1 hr at 4°C the wells were washed and peroxidase was visualized using o-phenylenediamine (Webb and Woodhams, 1984b) . The Py antibody was found to be of the IgM isotype by an ELISA employing class-specific reagents (ICN Immunochemicals).
Immunoblottingprocedures. Dissected brain tissue was homogenized in approximately 5 vol of ice-cold (25 mM Tris-HCl, 2.0 mM PMSF, 2.5 mM iodoacetamide, pH 6.8). The homogenates were frozen on dry ice within 15 min of killing the rats. After thawing, protein contents were determined on an aliquot of each sample using the method of Lowry et al. (195 l) , and samples were then dissolved-by boiling for 5 min in SDS sample buffer (2.3% SDS. 62.5 mM Tris-HCl. 10% (voll vol) glycerol, pH 6.8) to give protein concentrations of 1 m&ml. T'hese samples were stored as aliquots at -70°C until used.
Polyacrylamide gels (7.5%, 3% stacking gel) were run at constant current (7 mA, 16 hr) using the buffer system of Laemmli (1970) . Resolved proteins were electrophoretically transferred to nitrocellulose in 25 mM Tris, 192 mM glycine, pH 8.8 for 6 hr at 25 mA. Blots were then incubated overnight in PBS, 0.1% Triton X-100, 3% BSA. They were stained for 90 min at 4°C in Py-conditioned supematant and then washed in PBS, 0.1% Triton X-100, 1 mM EDTA (4 vol over 2 hr). Blots were then incubated for 2 hr in PBS containing 3% BSA and 3-4 x 1 OS cpm/ml of 1251-labeled F(ab)', sheep anti-mouse IgG (Amersham International). After further washing as above, bound antibody was detected bv autoradioaranhv using Kodak X-Omat film (l-3 d at -70°C).
Immm&ohistoche&~t~. Initial screening of hybridbma-conditioned culture medium was carried out on both unfixed and acid alcohol-fixed 10 cryostat sections of adult rat forebrain, incubated overnight at 4°C. For further analysis of promising clones, unfixed, acid alcohol-, and paraformaldehyde-fixed cryostat sections of forebrain and cerebellum were employed. Sites of antibody binding were revealed with a 1 hr incubation at room temperature in rabbit anti-mouse IgG (ICN Immunochemicals, 1: 100 in PBS, 1% BSA), followed by a similar incubation in monoclonal mouse peroxidase-antiperoxidase (ICN clone P6/ 38, 1:400). Sections were developed for 5-10 min with diaminobenzidine (100 mM NaH,PO,, 0.05% DAB, 10 mM imidazole, 0.006% H,O,, pH 5.8). Some sections were counterstained with thionin or enhanced by the addition of 0.0 15% cobaltous chloride to the reaction solution. Other sections were intensified using a silver-enhancement method involving a 5 min incubation in 0.1% sodium tetrachloroaurate (III), 5 min in neutralized 2.5% sodium sulfide. followed bv Dhvsical development of silver for 3 min (Gallyas et aI., 1982) . In kach-experiment, negative controls were run using normal mouse serum (1: 1000) and further tests of specificity provided by incubations in a variety of monoclonal antibodies with known patterns of staining.
More detailed analysis of Py antigen distribution was carried out on acid alcohol-fixed tissue embedded in polyester wax (BDH, Poole, UK) and sectioned at 7 pm. Following identification of the Py antibody as being of the IgM class, the protocol was changed such that rabbit antimouse IgM (ICN Immunochemicals, 1:50) was used for the second layer and sheep anti-rabbit IgG conjugated to HRP (1:250, gift from Dr. R. J. Morris) for the third layer. Py ascitic fluid (1:500-l: 1000) was used as an alternative to tissue culture supematant.
Immunocytochemistry at the ultrastructural level was carried out on 60 pm vibratome slices of adult rat forebrain. Brains were fixed by perfusion with degassed, ice-cold 0.5% paraformaldehyde, 0.5% glutaraldehyde, 0.1 M phosphate buffer, pH 7.4 (Morris and Barber, 1983) . Dissected blocks were postfixed for 2 hr at 4°C. Following immunostaining of the vibratome slices as described above, they were osmicated for 1 hr in 1% OsO,, dehydrated in ethanol (staining in 0.2% uranyl acetate for 30 min at the 96% stage), and flat-embedded in TAAB embedding resin on glass slides coated with a mould-releasing compound (Formen-Trenmittel Hobby Fluid, Hobby Wholesale, London SW27 OHH). Ultrathin sections were viewed without further contrast enhancement.
Cell cultures. Dissociated cultures of hippocampus were prepared as described by Seeley and Field (1988) . Cells from subdissected El 8 hippocampi were plated into wells of a 24 well tissue culture plate at an initial density of 9 x 10" cells/cm2. After 17 d in vitro, the cultures were fixed for 10 min in acid alcohol, and immunoperoxidase staining with Py supernatant was carried out as described above.
Results
Derivation of the Py clone and the distribution of its antigen in adult rat brain Of 99 supernatants (from 4 fusions) that gave moderately to strongly positive reactions in the ELISA, 72 gave a positive reaction on forebrain sections; 4 1 of these supernatants merited further study in that they gave nonuniform staining patterns. Thirteen lines were subsequently cultured to monoclonality by limiting dilution.
Of the ELISA-positive group (72 supernatants), many (59) stained cell nuclei (most strongly after paraformaldehyde fixation); 10 supernatants stained blood vessels, the choroid plexus, or meninges. Most of the supernatants stained fixed sections more weakly than unfixed ones.
Clone number 1 lA4 was selected for detailed analysis because its antibody showed a striking differential pattern of staining of neurons of the various hippocampal fields. Since our results show that this antibody is a marker for a subset of pyramidal neurons, we have given it the name "Py." An additional reason for studying this particular clone was that immunoreactivity to Py antibody survived a moderate degree of fixation, enabling investigation of the distribution of the antigen at an ultrastructural level. Within the hippocampus the most striking staining with Py was seen in the large pyramidal cells of field CA3 (Figs. 1, a, b; 2~). Their perikarya and main dendrites were intensely immunoreactive; nuclei were unstained. At high magnifications, the DAB reaction product in the cytoplasm appeared to be filamentous (e.g., Fig. 1 b) . Because of the intense internal staining of these cells, it was not possible to ascertain from polyester wax material whether antigen was also present on their surfaces, although in some sections surface staining of cortical pyramidal neurons could be observed. Py immunoreactivity was never seen in non-neuronal cells. Staining of pyramidal cells of field CA4 was similar to that for CA3 pyramids. Also, like the CA3 pyramids, interneurons in the hilus of the dentate gyrus were strongly stained, and numerous Py-positive processes of different thicknesses could be seen coursing among them, presumably representing both axons and dendrites (Fig. lc) . Positive nonpyramidal cells were also present in fields CAl-3, but they were relatively infrequent (see below).
In contrast to these positive cells, the dentate granule neurons were unstained in polyester wax sections (Figs. 1, c, d, 2a) . use of cobalt intensification.) The lack of staining in dentate granule cells and their processes was also evident from the pale appearance of the mossy fiber terminal field in the stratum lucidum (Fig. 1 a) . The difference in immunoreactivity between CA3 pyramidal and dentate granule cells is relative rather than absolute: in unfixed sections, very weak staining could be seen in dentate granule cells, but this was not observed in the fixed material used for histological analysis, even when fixation was relatively mild. The dentate granular layer was not totally devoid of immunoreactivity since occasional large, immunopositive cells and isolated thick dendritic processes were scattered between the granule cells (Fig. Id) . From their morphology and position, these cells were presumed to be pyramidal basket neurons (Amaral, 1978; Ribak and Anderson, 1980) . The CA1 hippocampal field, which comprises smaller pyramidal cells that lack the mossy fiber input of CA3, was also distinguished from the latter by the absence of Py immunoreactivity in the pyramidal neurons (Fig. 2, u-c) . The difference in staining intensity between large and small pyramids was most striking in the transitional zone between CA1 and CA3, field CA2 (Fig. 2b) . The larger pyramids had a prominent nucleolus and high levels of Py immunoreactivity, whereas the smaller CA1 cells were unstained and had heterochromatic nuclei. As in the dentate gyrus, a few positive perikarya were scattered among the unstained CA 1 pyramidal cells. Thick, varicose Pypositive processes running radially in the stratum radiatum were evident in all hippocampal fields and were especially noticeable in CA1 (Fig. 2~) . As the pyramidal cell layer became wider, where CA1 merged into the subiculum, Py staining became apparent in many but not all neurons (Fig. 2d) , with variable intensity among those that were positive. Positive interneurons were clearly identifiable below the pyramidal cell layer in the stratum oriens of all hippocampal fields. They were predominantly of medium size with horizontally orientated dendrites. Stained axons were also observed in the alveus and the fimbria.
A detailed analysis of the distribution of Py staining in all brain regions will not be presented here, but the major features of its extra-hippocampal localization will be given. Intense Py immunoreactivity was present in subpopulations of cells in many different brain areas. Such cells were always neurons and were predominantly large in size. They included cerebral cortical pyramidal cells of both layers III and V (Fig. 3a) , cerebellar Purkinje cells (Fig. 3b) , olfactory bulb mitral cells-their dendrites in the olfactory glomeruli being especially noticeable-and numerous magnocellular neurons of the hypothalamus, tegmenturn (Fig. 3d) , and brain stem. In the cerebral cortex, stained pyramids were seen in all regions, with the exception of the periand entorhinal cortices below the rhinal fissure. Staining appeared to be mostly in perikarya and the main dendritic branches: the finer branches and dendritic thorns, for example, were not visible with Py staining, although the coarser, interweaving processes of pyramidal cell apical dendrites were clearly visible in cortical lamina I (Fig. 3~) . However, staining was not confined to cell bodies and dendrites: Py-positive axons were seen in many locations. For example, they were clearly evident emanating from cerebellar Purkinje cells where they contrasted with the unstained cells of the internal granule layer (Fig. 3b) .
Ultrastructural localization of Py antigen in hippocampus Analysis of Py staining under the electron microscope was undertaken with the aim of identifying immunoreactive cell processes and of providing more information on the subcellular distribution of the antigen. Py-stained CA3 pyramidal cell bodies showed an even distribution of reaction product throughout the cytoplasm with no obvious restriction to any particular organelles (Fig. 4~) . The interior of the mitochondria and the whole of the nucleus were unstained. Staining of the outer surface of the plasmalemma was not particularly prominent for perikarya, though reaction product was possibly associated with the surfaces of some dendritic profiles (Fig. 4~) .
Outside the pyramidal cell layer, most of the stained profiles were obliquely sectioned dendrites (Fig. 4, b, c) , some of which could be identified as arising from CA3 pyramids by the characteristic mossy fiber terminals contacting them (Fig. 4b) . Under the present fixation conditions, DAB reaction product within such dendritic profiles usually had a flocculent appearance. Not all stained profiles were dendrites: some were quite clearly axonal (Fig. 4d) .
Development of Py immunoreactivity Animals were examined for Py immunoreactivity over a range of developmental ages with the aim of defining the time course of development of staining within hippocampus. Py immunoreactivity was not observed in the E 17 or E 18 rat brain. Postnatal animals were examined at PO, PS, P7, P 10, and P 14. There was no Py immunoreactivity in the newborn hippocampus, although in the septofimbrial nucleus strong staining was seen in a small group of cells that had transversely orientated processes. Staining was at background levels in all other brain areas examined at PO. By P5, the first traces of hippocampal staining could be seen in the cell bodies and apical dendrites of some CA3 pyramids (Fig. 5~) . The intensity of staining gradually increased and was moderate at P7, although more diffuse than in the adult. By the middle ofthe second week, stained processes, presumed to represent both dendrites and axons, were visible both above and below the pyramidal cell layer (Fig. 5~) . CA3 pyramidal cells still varied in the intensity of their immunoreactivity. By P 14, the pattern of staining was equivalent to that in the adult hippocampus (Fig. 5d) . In summary, Py immunoreactivity developed progressively in the postnatal rat hippocampus with a specificity of staining parallel to that of the adult.
Staining with Py in hippocampal grafts
We were interested to know whether Py antigen would be synthesized by cells removed from their normal situation. Was its expression constitutive or did it depend on cell interactions only present in situ? The results of Py staining of E 18 hippocampal fragments transplanted into adult hosts for 12 weeks were consistent with the patterns of immunoreactivity seen in the hippocampal fields from which the grafts were derived. Thus, the great majority of cells in subdissected CA 1 and dentate granule grafts were Py-negative, while subdissected CA3 fragments contained almost exclusively Py-positive neurons. Figure 6a shows an example of the latter with an abundance of large neurons intensely stained by Py. The in vivo orientation of these cells into a row has been lost in this graft, an observation consistent with previous results from pyramidal transplants (e.g., Raisman and Ebner, 1983, figure 15) . In marked contrast, grafted CA1 pyramidal cells were only visible by virtue of the thionin counterstaining of their nuclei (Fig. 6b) . Py-positive varicose processes were observed in the regions of grafts that lacked immunostained cell bodies. These processes were presumably derived from cells in host hippocampus. The specificity of Py staining was clearly demonstrated in the transitional zone grafts and were often tightly packed together either in rows or in a (Fig. 6, c, d ). Groups of Py-negative cells, assumed to be granule V-shape wrapped around a "hilar" group of stained pyramids, neurons, were readily distinguished from less well organized as seen in situ. Thus, for these transplants, expression of Py clumps of Py-positive perikarya, assumed to be hilar intemeuantigen can be taken to be constitutive and appears to occur in rons and CA3 pyramids. The "granule" neurons were characthe same cells that synthesize the antigen in normal hippocamterized by their smaller size and lack of a prominent nucleolus pus. Staining of hippocampal cultures seen in cultures derived from fragments of the CA3 field (Fig.  7) . They represented a subset of neurons in the cultures (Fig. Cultures of fragments subdissected from E 18 hippocampal pri7a) and were almost always large in size. The majority were mordia were examined for Py immunostaining after 17 d in pyramidal-like ( Fig. 7b ) with a single dominant dendrite, while vitro. This age was chosen because it is equivalent chronologiothers were stellate with several similarly sized dendritic protally to the beginning of the third postnatal week, a developcesses radiating from the perikaryon in all directions. Occasional mental age when strong immunoreactivity is present in the hippositive bipolar and fusiform neurons were also seen. The morpocampus in situ. Numerous immunopositive neurons were phologies of many immunopositive neurons are consistent with their identification as CA3 pyramids. Multipolar neurons with more varicose processes (e.g., Fig. 7a , cell S) may represent interneurons, although direct extrapolation of cellular morphology observed in vitro from that seen in vivo is not a definitive means of identifying cells. The forms of cells observed in these cultures had similarities with those described elsewhere (Banker and Cowan, 1979; Banker and Waxman, 1988) .
Identljication of Py antigen
We have made initial attempts to identify the Py antigen by blotting SDS gels of samples prepared from various brain areas and from whole brains of different ages. A heavily labeled band of M, 146 kDa appeared in immunoblots of samples of P2 1 rat brain (Fig. 8, lane 3) . This band was represented with weaker intensity in P16 samples, and was absent at P6. A minor band of M, 166 kDa appeared exclusively in the P2 1 sample of whole brain, possibly representing a posttranslationally modified form of the antigen, differing from the 146 kDa protein in, for example, the degree of glycosylation. There was a constant faint staining of background bands in all samples. When equal amounts of total protein from different subdissected brain regions were compared, the most intense labeling was found in samples of cerebral cortex (Fig. 8, lane 6) . Cerebellar samples also displayed fairly heavy labeling (lane 5). The A& 146 kDa band was undetectable in samples of hippocampus, brain stem, or olfactory bulb (lanes 4, 7, and 8, respectively) without a longer exposure of the same blot. This 146 kDa band also appeared with the same mobility in samples that were not reduced prior to electrophoresis, indicating that the protein is not associated with another polypeptide species via disulfide bonds.
Discussion
We have shown that it is possible to use the monoclonal antibody approach to generate a cell marker that distinguishes between the major classes of hippocampal neurons: CA3/4 pyramids versus adjacent dentate granule cells, and CA3 versus CA1 pyramidal neurons. This distinction is maintained throughout development and also appears in grafted hippocampal fragments. The antigen is also expressed in a subset of neurons in cultures of dissociated hippocampus. Thus, antibody Py seems to be a constitutive marker for the identification of hippocampal cells removed from their normal anatomical context. Since Py also recognizes subsets of neurons elsewhere in the brain, it may likewise be of use in studies of areas other than the hippocampus. It is interesting that the expression of Py antigen is not solely determined by cytoarchitectonic field. Hilar cells and occasional scattered cells in other hippocampal fields were, like CA3 pyramids, immunopositive. The varicose nature of their dendritic processes and the size and position of the perikarya are consistent with these cells being GABAergic interneurons (Amaral, 1978; Ribak and Anderson, 1980; Schwartzkroin and Kunkel, 1985; Lacaille et al., 1987 (2), and P21 (3); adult hippocampus (4), cerebellum (5), cerebral cortex (6), brain stem (7), and olfactory bulb (8).
spatial patterns of Py staining observed by immunocytochemistry. The cerebral cortex, with its abundant large pyramidal cells expressing Py antigen, gave the highest intensity of staining on the immunoblots. Next in intensity was the cerebellum, in which all the Purkinje cells were Py-positive. Lesser amounts of antigen were present in equivalent samples from other brain regions such as hippocampus, brain stem, and olfactory bulb. Longer exposure of autoradiograms was required to reveal the M, 146 kDa component in these samples. The low overall content of Py antigen in the hippocampal samples is consistent with its presence in only a subset of pyramidal cells in this region. The PY antibody is a particularly useful marker for hippocampal neurons because its distribution complements that of the vitamin D-dependent calcium-binding protein (cholecalcin or calbindin; Jande et al., 198 1; Bairnbridge and Miller, 1982; Garcia-Segura et al., 1984) . Antibodies to the latter show an almost reciprocal distribution to Py, with strong staining of CA1 pyramids and dentate granule cells (Feldman and Christakos, 1983; Rami et al., 1987) . Most other antibodies reported to stain hippocampus (Levitt, 1984; Moskal and Schaffner, 1986; Arimatsu et al., 1987; Hendry et al., 1988) have broader patterns of specificity, although the 2F12 and 3F12 antibodies of Miller and Benzer (1983) distinguish pyramidal from granule neurons, and in the case of 3F 12, between pyramids of different CA fields (Hinton et al., 1988) . Transmitter immunohistochemistry might be an alternative means of distinguishing between hippocampal neurons. It is thought, however, that all the principal neurons of the hippocampal formation use glutamate as transmitter (Altschuler et al., 1985; Ottersen and Storm-Mathisen, 1985) , though it is possible to distinguish these cells from interneurons via the latter's use of GABA. The granule cells of the dentate gyrus contain the opioid peptides enkephalin and dynorphin (Stengaard-Pedersen et al., 1981; McGinty et al., 1983; White et al., 1987) and the feasibility of using peptide antibodies in transplant experiments has already been demonstrated (Zimmer and Sunde, 1984) . Parvalbumin may be an additional marker for GABA-ergic intemeurons (Celio and Heizmann, 198 l) , and other potentially useful differences between cell types are provided by the differential distributions of enzymes such as protein kinase C (Wood et al., 1986; Saito et al., 1988) .
The present report illustrates the utility of monoclonal antibodies for identification of the unique characteristics of subpopulations of neurons. Highly specific markers such as Py will be invaluable in morphological and functional analyses of the events taking place in the establishment of CNS connectivity and in regeneration.
